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PREFACE
The three individual theses are presented with a common introductory
discussion on systems in general, the use of systems in architecture, and the
overall goals and requirements for a building system. It is hoped that a better
understanding of systems is attained as well as a more extensive background for
the individual thesis material.
Part V of this thesis was written in collaboration with Virgil Raymond
Smith in order to make a more complete presentation of the aim of the
thesis.
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I. SYSTEMS
A system is a specific combination of elements which participate in the per-
formance of a given function. They unite to form an integrated whole with a
resultant pattern reflecting the regular interaction or interdependence among the
parts. The original elements constitute the basic units whose repetition and
varied combination determines the characteristics of the system.
Natural systems develop spontaneously in response to physical laws. Almost
all patterns found in nature reflect the effect of consistent forces and the specific
responses of organisms to their environment. Environmental conditions also deter-
mine the various combinations of atoms or the formation of inorganic compounds.
The physical and chemical characteristics of these compounds constitute regular
and predictable systems.
Man has engaged in systematic research to discover means of controlling his
environment. Cities and transportation networks have been built in response to
environmental conditions. These constitute patterns--or systems--reflecting the
nature of these conditions. Tools and machinery have been developed to control
the physical environment while social systems have been formulated to control the
relationships among men and, hopefully, to harmonize them.
2.
II. GRAPHIC EXAMPLES OF SYSTEMS IN GENERAL.
The following illustrations are presented with the hope that a better
understanding of the meaning of systems might be attained.
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III. SYSTEMS AS APPLIED TO CONSTRUCTION AND ARCHITECTURE
Systematic thinking has been used in construction and architecture throughout
history. Recently, conscious attempts have been made to apply systems to archi-
tecture. Modern buildings embody a number of systems. These are structural,
spatial, and mechanical systems. The location and functional inter-relationship
of structural elements can form a regular and consistent pattern. The relationship
between varied spaces in a building, the progression from the exterior into the
interior, and the subdivision of the total area into functionally and spatially
differentiated parts form a hierarchical organization. The exterior, or visual
appearance of the building should conform to and express the structural and spatial
systems.
Complex mechanical systems have been introduced into buildings. They enable
man to control the immediate physical environment more effectively.
All of these systems combine to form a complete building. Thus the building
must be the result of the integration of the subsidiary systems. It should form a
pattern which is the direct result of and which reflects this integration. Modern
buildings should satisfy all the requirements of life. As these change and/or grow,
the building also must change or grow. Thus a pattern of adaptation and growth
must be built into the total building system.
Many examples illustrating the use of systems in construction and architecture
can be cited. In most of these, the structural elements are systematized into a con-
sistent pattern. Some concentrate on the application of new materials to construction
17.
systems. Others concentrate on systems of assembly. They investigate various
methods of prefabrication and the application of these methods to varied buildings.
A third group manipulates the structural elements to develop light and long span
structures based on the repetitive use of a minimum number of units. These are
generally classified as space frames and are potentially "through" systems. The
hollow structure makes it possible to fuse the structural and mechanical systems
into the same space.
18.
IV. HISTORICAL EXAMPLES OF SYSTEMS IN ARCHITECTURE
A. The Doctrine of Durand
J. H. P. Durand was Boullbe's student. When Napoleon established the
new Ecole Polytechnique, Durand was appointed as professor of architecture.
He published his lectures as Precis des Lecons in 1802 and 1805. These books
made his teachings generally available, and Durand's doctrine had extensive
influence in Germany and Northern Europe in the 19th century.
He synthesized and systematized the diverse strands of theory and practice
developed in France during the previous 40 years. He dealt as a "constructor"
with materials and their proper employment. After defining the goal of archi-
tecture, and the structural means and the principles derived from those, he
investigated ways of combining architectural elements.
Durand proposed that columns be equally spaced--the spacing being deter-
mined by circumstances--and arranged along parallel , equidistant axes. These
axes are cut perpendicularly by other parallel equidistant axes. All columns
should be placed at the intersections of these axes and the wall along these axes.
For the third dimension, these axes should be projected into the vertical plane.
Decorative design should be avoided. All plans, sections, and elevations should
be designed within the grid lines set by these axes in three dimensions. Durand
was interested in varied skylines provided by central and corner towers and in
the incorporation of voids in architectural compositions.
1. J. H. P. Durand, Precis des Lecons d'Architecture (Paris, 1809); from Part II.
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B. The Crystal Palace by Joseph Paxton
The Crystal Palace was designed by Paxton in 1850 to house the first
international exhibition in England. Paxton was a builder of glass and iron
green houses. He derived his idea of setting the glass into metal frames from
the structure of veins which supported lily leaves. He was not interested in
specific buildings but in the structural technique and the possibility of its
universal application.
The Crystal Palace consisted of cast iron framing members and glass
panels set within them. The columns were hollow, and the capital and base
were crystallized into mechanical couplings. Three types of trusses were
used: cast iron, wrought iron, and wood. They were shallow lattice trusses.
The roofing was based on a standard size of glass panel. All connections were
standardized and identical.
The whole structure was made up of small simple parts and was planned on
a modular grid. It enclosed an imposing, tall nave with galleried aisles. The
regular rhythm of the structure provided a grid of coordinates defining the space.
Full grown elm trees were enclosed within the structure. It was hailed as a tech-
nical and architectural achievement at the time. The building was 1851 feet
long, yet it was erected in less than four months. 2
2. Konrad Wachsmann, Wendepunkt im Bauen (Wiesbaden, 1959), pp. 12-19.
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C. The Unistrut System
The goals of the system are to achieve durability, flexibility, expanda-
bility, demountability, and reusability. It is geared to mass production tech-
niques and consists of standardized and interchangeable parts.
"In the Unistrut space frame the members form the edges of alternating
erect and inverted pentahedrons whose bases create two parallel planes and
whose sides create a series of tetrahedrons which interlock with the penta-
hedrons. For economy in production, handling, and erection, all framing
members are identical and are assembled with identical connectors so
designed as to require only one bolt at each end of each member. "3
3. Paul Coy, Unistrut Space-Frame System (The University of Michigan, Ann Arbor,
1955), cover page and p. 1.
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D. Prefabricated Steel "Techbuilt" House
The system designed by Carl Koch has the following steel components:
(1) an exterior wall system of prefinished panels where the ribbed design
eliminates the visable joint between the interlocking panels, (2) a window
wall system of C-sections that can frame fixed or sliding glass and a variety
of wall panels, (3) stressed-skin roof truss with roof sheet of heat reflecting
aluminized steel, and (4) intermediate floor-ceiling with integral air distri-
bution.4
4. "Prefab-Steel'Techbuilt' ," Progressive Architecture, February, 1963, pp. 154-157.
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E. CLASP
An English system of prefabricated component parts for school construction
was designed in 1957. It is called CLASP, which stands for the "Consortium
of Local Authorities, Special Programme.
The components are factory-produced on a 3'-4" module with an almost
unlimited range of combination possibilities permitting the architect wide
latitude in actual design. This module adequately meets the different require-
ments in educational buildings, yet is not so small as to present complications
in manufacturing or assembly. External walls can change direction at intervals
of 6'-8" and 10'-0", or any combination of these two dimensions. Steel columns
can be located at any intersection of the 3'-4" square grid; partitions are
centered on the grid lines with changes in direction possible at 3'-4". Window
sills are at 2'-0", 2'-8", or 3'-4" above the finished floors. Transoms and
door heads are at 6'-8", and floor to ceiling heights can be at 8, 10, 12, 14,
or 16 feet.
Factory made components in the CLASP system include steel frame units, parts
for the heating system, precast concrete panels, window frames, aluminum
sliding windows and ventilating louvers, finished rubber floors, eave units, roof
lights, light-gauge steel panels, internal doors, prefabricated partitions, and
sanitary fittings.
Savings provided by the use of this system come from letting of contracts
29.
on the basis of the estimated quantities for all the buildings in the annual
program. The manufacturer can run the complete quantity ordered all at once
or produce in times of slack, and stockpile.
The consortium continues to invest one-fourth of one percent of its gross
yearly construction expenditure in research and development, to further
improve the system. 5
5. "New Proposals to Cut School Costs," Architectural Forum, November, 1961,
pp. 117-118.
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F. Building Systems Developed by Konrad Wachsmann
Konrad Wachsmann is interested in the mechanics of building, in mass
production techniques, prefabrication, and the industrialization of the building
industry. One of the great virtues of industrialization is the ability to manu-
facture uniform, peak quality products. This process can have its full effect
only through standardization. Industrialization of the building industry
requires the prefabrication of building elements, or standardization of building
parts into articles which can be mass produced. Thus building becomes a
question of assembly. The prefabricated parts must conform to a system of
modular co-ordination. And such parts must be capable of producing buildings
where all the complex mechanical and electrical services and equipment are
integrated with the structure. Only such buildings can provide perfect
environmental control and satisfy all the requirements of the age. This inte-
gration is to be achieved through the coordination of modules. Wachsmann
defines these modules as the material, performance, geometry, handling,
structural, element, joint, component, tolerance, installation, fixture, and
planning modules. In a system of assembly, joints and connectors are of utmost
importance. They are the essential formative elements in the system. They
indicate zones of contact and define any object they enclose. Adoption of a
particular joint depends on technical considerations and on the nature of the
problem. "Connectors may be independent mechanical systems, . . . , or they
may be formed directly from the material of the structural member itself, . .
32.
or they may be independent key elements, forming numerous individual pieces,
first assembled with the structural members on the site. "
Wachsmann developed a partition wall system, a building panel system,
a mobilar system and a space structure. In all of these, the joint is the key
element. In the partition wall system, a joint with a constant profile which
connects twelve elements in a single point is developed.
The building panel system was developed in collaboration with Walter
Gropius. They developed a frame section based on an axial modular raster.
These sections were joined with a hook type metal clip. They selected a 40"
planning module and a 4" internal module based on the study of sizes of fix-
tures and dimensional requirements of building elements. Then they developed
a system of plumbing assembly and electrical installations to be built into the
panels. They distributed the switches and receptacles into a system of fixed
points determined by the module.
The mobilar system is a tubular steel design. The problem was to use "the
advantageous statical properties of tubular cross sections in steel construction."
This led to the development of a new truss joint and a movable wall panel
assembly. In the Mobilar system, tubular members of various standard lengths
are used. These have offset eye plates welded at each end and they can be
assembled in any combination of truss, purlin, column, and so on.
6. Wachsmann, p. 90.
33.
Wachsmann then was commissioned to design a space structure (for building
hangers) by the Air Force. The problem was to design a prefabricated,
demountable assembly system which could be combined into buildings of any
size or shape with a minimum number of joint types. He developed a universal
connector which closed around the main members like a ring from which secon-
dary members radiated in all directions, in any combination, and at any angle.
The connector was composed of five standard elements. Tubular sections and
cables were used as structural elements.
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G. The Eiffel Tower
Gustave Eiffel's tower is a system of heavy struts broken down into fine
lattice-work. The systematic use of rivets, small angles, and plates made
possible statical effects previously inconceivable. Even though the lattice-
work is two-dimensional, the member arrangement system, together with
the assembly system, forms a sort of space frame. 7
7. Wachsmann, pp. 24-28.
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H. Buckminster Fuller's Domes
Since 1922 Buckminster Fuller has been working with structural systems.
He uses the term "synergy" to define the way whole systems act as more than
the simple sum of their parts. Fuller has developed his geodesic domes based
upon the following facts. In an all-motion universe, all phenomenon inter-
actions are precessional: lines of force are not straight, but tend to curvilinear
paths. These paths are inherently "geodesic, " that is, the shortest distance
between points on a curved or spherical surface. With the automatic ten-
dency of energy in networks to triangulate. Fuller assumed the most economical
structural energy web to be the fusion of a tetrahedron and a sphere. The
sphere encloses the most space with the least surface, and it is strongest
against internal pressure. The tetrahedron encloses least space with the most
surface, and it is strongest against external pressure. The uses and applications
>e 8for these domes are enormous.
8. George McHale, R. Buckminster Fuller (New York, 1962), pp. 29-31.
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I. Japanese Houses
A modular system of flexibility is built into the Japanese house. The overall
plan and size of the space is determined by the number and arrangement of
3' by 6' by 2-and-1/8 inch rice straw mats called tatami. The space is
divided into smaller areas by modular opaque movable screens called fusuma.
Similar screens, but semi-transparent, called shoji, are also used when a play
of light is wanted. Above the movable screens a system of panels and wooden
slats complete the vertical dividers. This modular system of spaces is seen in
the Katsura Imperial Villa.
Tatamii may be
different sizes.
arranged in varying patterns to produce rooms of
Top row: Left: eight mats arranged in the old formal style usually
reserved for temples, palaces, or aristocratic mansions. Right: four
and one-half mats, usually used for tea ceremony rooms. A wood
panel may be substituted for the half mat.
Middle row: Six, eight, ten, and twelve mat rooms. The mats are
arranged to avoid the intersection of four lines.
Bottom row: Fifteen and eighteen mat rooms. The pattern may be
extended indefinitely, but the proportions of a room will be limited
to those shapes prodticed by mat combinations which avoid four
intersecting lines.
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V. AIM OF THESIS
The aim of this thesis is the development and use of technological and functional
criteria as a basis of architectural design--a method that, hopefully, will produce a
building expression of enduring quality and usefulness based on a totally integrated
system of construction, free from the compromising influences of current fashion
and individual mannerism.
The specific problem is the design of a system emphasizing the interdependence
between the structural and mechanical components in a research and development
building for science and technology, suitable for both academic and non-academic
use. By exploring the needs of such a building with its complex requirements, it
is felt that the utmost familiarity with the problems involved in solving any building
as a total system can be achieved. To satisfy all the criteria for a building of this
nature the system will have to accomplish the following: (1) provide optimum initial
conditions in terms of space, services, circulation, and environment, while antici-
pating and facilitating modifications required by changing usage and growth, (2) pro-
vide maximum flexibility through the use of large uninterrupted floor areas with a
modular subdivision based on illumination requirements, minimum room and corridor
widths, and accessibility of utilities; demountability for local expansion; noise and
sun control--all as an integral part of a unified solution, and (3) produce a functional
building based on logical construction that will obviate obsolescence while achieving
all the qualities of excellent architectural design.
45.
VI. BUILDINGS AS SYSTEMS
The following items explain in detail the components and requirements
necessary to organize and develop a building as a unified system.
A. Permanent and Temporary Systems in Buildings
The permanent systems within a building are those which are expected
to remain substantially intact and unchanged throughout the life of the
building, regardless of the use in the building at any given time. These
would include the structural system, or the basic skeleton of the system,
and general service stations which serve the building mechanically. The
structural system is formed by the foundations, columns, girders, load bearing
walls, structural slabs, exterior walls, and roofs. Core areas complete the
skeleton of the system. These core areas include required exit stairs, open
stairs or ramps when part of the major public areas or corridor system, elevators
and escalators, public toilets, service areas for janitor and maintenance rooms,
storage, electrical and telephone closets, and possibly major mechanical
service chases.
The temporary systems are those which are expected to, or which foreseeably
might change during the life of the building. These would include the par-
titions, secondary corridors and stairs, mechanical services, lighting, and
acoustical control. It is conceivable that the original mechanical system may
become obsolete, thus requiring replacement during the life of the building.
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B. Foreseeable and Unpredictable Needs
A research and development building for science and technology
functioning as both an academic and non-academic facility must serve many
spatial requirements. Laboratories, experimental areas, workshops, con-
struction rooms, and other such spaces require ease of access to the maximum
mechanical and utility services provided in the building. In some instances,
heavier live load requirements and greater ceiling heights than normally
needed elsewhere will be demanded. For some rooms wall space will be
more valuable than window area. Freedom from distraction and interference
is often of prime importance. Classrooms, offices, lounges, drafting rooms
and other similar spaces generally do not have the need for the maximum
mechanical services or heavy load capabilities, but do require planning
flexibility and greater heights for large lecture halls. They also have the
need for freedom from distraction and interference.
Unpredictable needs are, by definition, difficult to anticipate, but it is
reasonable to expect that continuing development of science and technology
will produce needs that may significantly alter present teaching and research
requirements in terms of space and size, amount and complexity of mechanical
services and equipment needed. The building system should then be able to
accept a maximum number of possible functions and expect modification through-
out its life span.
47.
C. Flexibility
It is the assumption that within the building any existing space may be
called upon at some time to serve a different function. It is thus mandatory
to achieve maximum flexibility in the total system. To assure this, several
premises are set forth including the establishment of a minimum area per
floor of 40,000 square feet as a planning requirement, the use of large span
structural bays to provide large continuous areas of uninterrupted space,
and the centralization of services into cores serving the maximum allowable
floor area, thereby consolidating the permanent (non-flexible) components
of the system as much as possible.
The structural system should be flexible to the extent that floor to floor
heights can be varied within the building, bays or portions of bays can be
left out and secondary corridors, stairs and ramps can be introduced into the
framework to increase spatial variation within the building.
Except when made an integral part of the structure, the mechanical
services should be totally flexible, with the possibility of bringing the maximum
number of services into the smallest space expected to need them.
D. Hierarchy Among the Component Systems
Systems - planning, life, circulation
structural
mechanical
acoustical
Hierarchy among the component systems relates initially to the elements
forming the organization of the building as a whole. These include the major
entrances, public spaces, interior courts, and major focal points of activity--
the cores. Related to these are the lobbies, elevators and large stairs
connecting into the major corridors which in turn distribute into the secon-
dary corridors and stairs. Thus a system of planning, life, and circulation is
established.
The structural system in turn relates to the overall hierarchy of the
building in that the major structural bays and columns establish an overall
visual order. The bays are then subdivided into the structural module which
establishes the planning order.
Integrated into and relating to both the life of the building and the struc-
tural system is the mechanical system. Distribution of the mechanical com-
ponents is from the mechanical rooms, through major arteries in the cores or
by distribution through the supporting structural elements, then into the secon-
dary channels, and finally subdividing into feeder lines which go to the indi-
vidual modules. Of the mechanical components, lighting and air supply return
predominant, with piping, power, and signal lines the lesser elements.
An acoustical control system is still another system which is integrated into
the modular sub-system, whereby sound absorption and isolation are achieved.
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ABSTRACT
This thesis develops a building unit which is structurally and mechani-
cally integrated. The unit attempts to maximize the flexibility in internal
re-arrangement and the possibilities for lateral growth. A prototype
building for scientific and technological research is proposed as an illus-
tration of the use of the building unit. The unit is especially applicable to
the formation of large buildings or complexes of buildings; however, it does
not lend itself to the design of buildings smaller than 300'-0 x 400'-0 in
size.
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I1.
PROGRAM
The problem is to design a prototype academic building 1-1 1/2 million
square feet in area which will be used for scientific and technological research.
Spatial requirements and needs for services are varied and expected to change
continuously. The only fixed requirements are the code regulations for fire
exits and vertical circulation and service cores. 150 ft 2/person will be assumed.
The Live Load is 125 psf. The structure should be concrete and the minimum
span should be 40'-0.
Internal flexibility and ability to expand are major considerations. The
building should consist of non-specialized spaces which, at any given time,
can be used for a variety of purposes. Expansion may occur within the building
itself. This refers to shifts in the spatial needs of the various departments in
the building. Consequently, it must be possible to repartition large spaces at
any time. Another form of expansion refers to the need to expand the total floor
area. This may be achieved by vertical and/or lateral expansion.
The demands on mechanical services (i.e., air conditioning, pipes, illumi-
nation, communication) will change as the uses of the spaces change. Complete
internal flexibility requires that any one or all of these services may be brought
to any one space at a given time. And, these services should be so distributed
that it may be possible to extend a service to a space without disturbing the
neighboring spaces.
2.
STRUCTURE
The proposed solution is based on the need for expansion. A structurally
and mechanically self-sufficient unit is developed in this study. The unit is
100' x 100' square. It is supported on four columns, 60'-0 on center. The
structural floor cantilevers 20'-0 from the center of the columns in all four
directions. The structural and spatial module is 5'0 x 5'-0. The structural floor
is composed of precast 5'-0 x 5'-0 x 5'-0 elements. These are cross-shaped in
plan. Two arms of the cross are solid and two are perforated in such a manner
that when the units are assembled, they form a system of waffles consisting of
non-perforated waffles surrounded by perforated ones. In other words, every
other waffle in the system is non-perforated. Hollow tubes are cast into the
floor elements. Post stressing wires are passed through these tubes. Post stressing
occurs in two directions and at the top and bottom. Thus the cross shaped sections
act as a plate supported on four columns. The periphery of the plate is composed of
non-perforated end units through which the post stressing is applied. At the
exterior of the building, the exposed ends of the floor units are covered with a
fascia. In this case, the post stressing is applied through the fascia. Thus, the
fascia becomes integrally attached to the structure. The post stressing plates are
then sealed with grout flush with the surface of the fascia.
The solution assumes that the minimum room in the building will be 10'-0
x 10'-0. Therefore services need not be brought to every module to service all
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possible spaces. Services are brought to every other module instead. Thus, the
mechanical module becomes 10'-0 x 10'-0. An advantage of this combination
of solid and perforated waffles is in acoustic isolation. When a 10'-0 x 10'-0
space is partitioned, 4 - 5'-0 x 5'-0 waffles are enclosed. Since only every
other waffle is perforated, in a 10'-0 x 10'-0 space there would be four per-
forations to be sealed instead of eight.
The columns consist of 4 - 2'-6" x 2'-6" 'L' shaped members. They form
an exploded cross. The exterior dimensions of the columns are 10'-0 x 10'-0.
The space they enclose is used as a mechanical room to bring up the vertical
services. Each column services a 50'-0 x 50'-0 area on 4 floors.
4.
CONSTRUCTION METHOD
Each 100'-0 x 100'-0 unit is structurally self sufficient. The column sections
are precast. Four floor sections, or crosses, are cast into the top of the column.
The columns are first erected, then the floor units are assembled on scaffolding
around the columns. All of the units and the columns are strung together on
post tensioning wires. The wires are secured on one side and stressed from the
other. Then liquid grout is injected into the post stressing tubes with pressure
to seal the channel and the wires. Then the scaffolding is moved on to the next
unit and the same operation repeated.
Each unit is structurally isolated. The floor and columns are joined in the
post stressing process. The resulting waffles are blocked at the top with 3" tectum
board which also serves as a sound absorbing element. Then a 3" slab is poured
over the structure. The slab is poured in 100'-0 x 100'-0 sections following the
principle of structural isolation.
The next unit is simply butted against the first one. They are connected
with sliding joints. This system of construction provides the greatest ease in lateral
expansion. Since the units are cantilevered, there is no need to provide additional
support for the existing structure while digging foundations for the expansion.
Moreover, there is no need to over design the column footings as a provision for
lateral expansion.
The structural units, when combined, form ribs 100'-0 long, 5'-0 deep and
1Q" wide. These are divided into 5'-0 sections. Every other one of these is
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2perforated. The area of the hole is 7.5 ft . The columns connect the ribs along
the non perforated section. The size of the hole was determined by shear and
by bending moment. Eight of these ribs pass through the columns and direct
contact between the ribs and the columns is made at 32 points. This distributes
the load and reduces the stress per section of rib. The design of the rib was
determined by the most critical condition; that is, the rib receiving the largest
share of the load. The effect of the negative moment of the cantilever was not
considered in the design of the rib. Thus, the structure would be sound even
when any one or more of the cantilevers were removed. The possibility to
remove cantilevers would give the units a range of flexibility in assembly and
possibility of varied spatial configurations by removal of cantilevered sections.
6.
CORES AND CIRCULATION
Two types of cores can be designed for this system. They fit in the spaces
between the main 60'-0 spans. One is 40'-0 x 40'-0 or 35'-0 x 35'-0 clear.
And the other is 40'-0 x 60'-0 or 35'-0 x 55'-0 clear. It is possible to design
various core types for each of these spaces. These are designed to service 180,
240 and 300 persons. Each core can service a 4-unit or 200' x 200' area. The
maximum distance from any door to the fire stairs would be 150'-0.
Each core may combine all the service and circulation elements. Or they
can be designed as vertical circulation and service cores. The former contains
passenger elevators, large stairs, telephones and janitors' closets while the latter
would contain service elevator, fire stairs, telephones, men's and women's toilet
rooms.
Internal circulation can follow varied patterns. In the building developed to
illustrate the use of this system, the main corridors surround and join the cores. A
secondary, peripheral corridor surrounds the building and services the small peri-
pheral office or classroom spaces. The corridor is 10'-0 wide except when the
columns are exposed. If they project, the space becomes 7'-6". If they are
indented, the space widens and is used for drinking fountains and fire hose. In
both cases, access to the interior of the column is off the corridor. The main
corridor is 15' wide around the cores.
7.
THE MECHANICAL SYSTEM
The mechanical system is distributed. The main vertical supply lines are
in the columns and they feed into the structural floor. Each column contains a
complete set of services. They service a 50'-0 x 50'-0 area on four floors.
Supply and return air, gas, hot and cold water, vacuum, steam, sewer,
exhaust air, and high power electric bus wire are distributed. These services
are considered to be general requirements of laboratories. Additional supplies,
such as oxygen and other gases, are more specialized and will be brought in
in tubes. The electrical and telephone conduits are installed within the floor
slab. Conduits are extended to service the ceiling lamps below. The conduits
service every 5'-0 x 5'-0 module. Telephone and electrical control panels are
installed in each column.
Air at an even temperature is supplied. Rooms at the periphery receive
individual re-heat or cool units to recondition the air at will. It is possible to
install individual conditioning mechanisms for each 100'-0 x 100'-0 unit and vary
the supply. Or, re-heat or cool units may be installed within the structural floor
to recondition the supply if necessary.
High speed supply air at the rate of 1.2 ft2 per 1000 ft2 floor area and low
speed return air at the rate of 2 ft /1000 ft2 floor area are used. These standards
require 32 ft2 of space for vertical ducts to service four floors. The space available
in the columns is 44.7 ft2 . Thus both pipes and ducts can be transmitted through
the columns. The vertical ducts diminish in size from floor to floor. This further
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frees the space and creates additional working room within the columns.
The area of the largest horizontal duct is 7. 1 ft2 or 3'-7" x 2'-0. This breaks
down into secondary ducts which in turn supply the distributor ducts 18" x 9" in
size. Supply and return distributor ducts are placed next to one another and occupy
the same module. Every other module is provided with air. Air is provided 10'-0
on center. However, each duct is capable to supply and return 15'-0 on center
space. This increases the range of varied room arrangements with balanced air
supply and return. The outlets may be regulated to let through specific volumes
of air.
4", 6", and 12" pipes are assumed for the vertical mains. A 4"-6" space
is allowed around each pipe for ease in making new connections. Pipes through
the structure are 1 1/2", 2", and 4" in diameter. Again, they are surrounded
with a 4"-6" space. The pipes run in every other module in a direction perpen-
dicular to that of the air ducts. This system of distribution minimizes the conflict
which might result from the occurrence of duct and pipe outlets in the same module.
A 10'-0 x 10'-0 space can be completely serviced with air and pipes and each outlet
located in a separate module. The pipes are so distributed that they need not cross
one another. Only elbow and T connections are used.
2'-0 x 2'-0 lamps with 3-4 tubes are installed in each module. The tubes
may be 20 or 40 watts. This gives a range of illumination 48-96 foot candles/each
module or 25 ft area.
Perforating only every other module makes acoustic isolation easier. As
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already explained, it increases the amount of solid structure for placing partitions
and halves the number of holes to be sealed. Sealing will be by means of metal
lath and plaster panels. Tectum board used to seal the waffles also provides
sound absorption.
10.
PARTITIONING
The spaces may be partitioned at any 5'-0 module. The location and size
of the column places some constraints upon partitioning into small spaces. However,
a 10'-0 x 10'-0 interruption does not constitute a serious barrier. They act as
additional rooms. Large spaces may be serviced with air directly from the columns
with no need to extend pipes through the structure. Again, laboratories may be
so located that each one may have one column and its own set of supplies. Or,
up to four laboratories may share a column and use the services without disturbing
each other.
11.
CONCLUSIONS
The system developed in this thesis lends itself to the formation of large
buildings or complexes of buildings. The large spans, heavy structure, and ability
to bring a maximum number of services to every 10'-0 x 10'-0 space are especially
suited to academic, industrial, and research buildings and possibly to hospitals
as well.
The system is readily applicable to the formation of a series of buildings as
well as to large individual buildings. It is possible to build each unit indepen-
dently so that one may be 4 stories, another 6, 8, and so on. Since the mechani-
cal space within the columns services 4 floors, every fourth floor a new mechanical
room would be needed. Or, in an 8 -story building, for example, there may be
4 floors below and 4 above the mechanical room. Thus, various building heights
may be achieved. As already discussed, the system is also well suited to lateral
expansion with respect to construction.
The mechanical and structural systems are closely integrated in the proposed
building unit. The vertical service lines and structural supports occur at the same
place. The space necessary for transmission of vertical supplies and the material
needed to insulate and conceal these shafts have been incorporated into the structure.
The horizontal lines of distribution and the structural floors also have been fused
into one space. And the connections between structural elements and between
mechanical elements occur in the same area. The module of distribution of services,
the spatial module, and the structural module are closely related. All modules
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are multiples of the 5'-0 x 5'-0 structural module.
The distributed mechanical system reduces the dimensions of individual
vertical chase space, and since the service area of each chase is small, the sizes
of horizontal ducts also are smaller than they would have been in a concentrated
system of distribution. Moreover, the distributed vertical supplies allow for a
more flexible and freer system of servicing a space while causing least disturbance
to other spaces. Possible locations from which new services may be extended
are numerous. Thus it is possible to plan the extension of services so as to cause
least disturbance to already established spaces. These advantages of the distributed
system must be weighed against the disadvantage of having a 10'-0 x 10'-0
obstacle every 40'-0 and 60'-0 on center. We believe that the stated advantages
offset this shortcoming and that it is possible to subdivide the spaces so as to minimize
this disadvantage.
While studying the system at the final phase of selecting standard size equip-
ment, the 5'-0 x 5'-0 module proved to be too small. The 4'-2" x 4'-2" clear
space in each waffle is too small to fit in a standard 4'-0 square lamp and an air or
pipe outlet at the same time. Unless one agrees to use a rectangular lamp, which
may not be visually suitable for use in a square opening, one has to use the 2'-0
lamps. And these are not only less efficient, but are also too small with respect
to the scale of the surrounding structure. Another possibility is to seal the opening
with the lamp. While this may be a possibility in some spaces, in others it would
make it impossible to reach the pipes or ducts behind the lamp.
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One shortcoming of the system is its size. The smallest single building that
can be developed with this system and have possibilities of variations in interior
spaces is 300'-0 x 400'-0. Another reason for this shortcoming is the discontinuity
of the structure. While this allows for ease in lateral expansion, it limits the
designer. The space can be varied by either removing whole units, skipping
floors, or cutting either one or more, of the cantilevers. The design of the ribs
to withstand maximum loading conditions makes it possible to cut any one of
the cantilevers. In such a case, the ribs which are directly connected to the
columns act as beams. The dimensions of spaces which can be varied, thus, are
40'0 x 40'-0, 40' x 60', and 100'-0 x 100'-0. It is not possible to hollow out
the 60'-0 x 60'-0 spaces because this part of the structure supports the cantilevered
sections. Also, since the cores fit in the hollows left by removing the cantilevers,
varying the heights of the spaces in the units becomes functionally unfeasible.
For, these spaces are needed to provide landing space in front of the stairs and
elevators.
The building developed to illustrate the application of the system demonstrates
this limitation of the building unit. The building is 600'-0 x 600'-0 and has
4 floors above ground and a basement and mechanical floor below. The cooling
towers are on the roof and fresh air is brought in to the mechanical room by means
of a tunnel.
The structure is composed of 36 building units. Each unit is so planned as
to have a maximum of 4 floors above the mechanical room. The cores are wedged
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into the 40'-0 x 60'-0 spaces between the 60'-0 x 60'-0 main spans. Two types
of cores are used: a vertical circulation core and a service core. There are 4 of
each type or a total of 8 cores to service the building. Since, as already
explained, each core limits the spatial flexibility of 2 building units, the cores
were concentrated to minimize the number of such fixed units. The cores were
arranged into 4 groups each consisting of a service and a vertical circulation core
placed on either side of a lobby space. Then, these groups were arranged in two
bands on either side of the building. Thus twelve building units are fixed and
the remaining 24 are variable, or 30% of the building is fixed. This condition
imposes many constraints upon the design of the interior spaces.
The solution proposed concentrates the spatial variations in the 8 central
building units while the remaining units form a 4 -story rim about the central por-
tion. The building is entered through low and partially enclosed spaces. These
lead to two-story lobby and exhibit spaces on either side of the building. These
spaces are joined by means of an open, central court. The exhibit spaces are
adjoined at either end by the elevator lobbies. Thus, the hierarchy of spaces take
the following pattern: the central court joins the two main lobby and exhibit spaces.
Each such space joins two elevator lobbies. And each elevator lobby joins two cores.
The elevator lobbies are repeated at each floor and visual connections with the central
court are provided on each level. By providing long range views through and across
the building, the design attempts to create an awareness of the volume which the
structure defines.
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The exterior treatment of the building was determined by the requirements
for lateral expansion and by the assumed distribution of uses within the building.
The exterior walls should be composed of removable panels in order to allow for
lateral expansion. This eliminates the possibility of using bearing walls surrounding
the building or heavy pre-cast or cast in place window units. Instead, pre-cast
mullions and sills and glass panels are used as the building envelope. Balcony
rails are pre-cast sections mounted onto the fascias. Thus, the exterior is com-
posed of easily removable and re-usable pre-cast elements. Varied uses were
assigned to each floor. The first floor is the most public and contains lobbies,
exhibit spaces, large lecture halls and so on. The second floor contains libraries,
administrative offices and large class rooms. The third floor consists of class rooms,
teaching laboratories, and offices. And the fourth floor is the most private, con-
taining specialized laboratories and offices. The elevation study attempts to
express this progression from the more public to the more private uses.
In summary, this study develops a structurally and mechanically integrated
and self-sufficient building unit. It is applicable to large buildings such as schools
and research and industrial buildings. It allows maximum flexibility in the distribution
of services and in lateral expansion. The main shortcoming of the system is that it
cannot be readily used to form smaller isolated structures. However, the principles
of structural isolation for lateral expansion, and the use of a distributed mechanical
system for maximum flexibility in and accessibility to services is still valid. They can
be applied to develop smaller units which hopefully would allow for a wider range
of spatial configurations.
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ABSTRACT
This thesis is concerned with the development and use of technological
and functional criteria as a basis for architectural design. Hopefully, this
method will produce a building expression of enduring quality and usefulness
based on a totally integrated system of construction free from the compromising
influences of current fashion and individual mannerism.
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2.
I. INTRODUCTION
The Twentieth Century heralded in a new era of vast social changes and
scientific and technological advancements to which the latter decades of the
Century promise to give added impetus. Such rapid changes have created a
complex, and often chaotic, world society which presents man with new problems
added to many age old problems. Attempting to solve these problems man tries
to regulate and discipline, diversify and simplify life, seeking order out of
confusion, striving toward a Utopia.
Architecture too is feeling the grip of our complex society and consequently
is in a period of change. To fight confusion in architecture the beginning of
an architectural science based upon construction and systematic design may
possibly replace temporary formalism and individual mannerisms in the future of
architecture. A science or building system of this nature would be governed by
growth, transformation/change, flexibility, identification, integration/segregation,
minimum work, economy of means, integrity, and construction. It is hoped that
with such a system of building, architectural problems, and thus in turn some of
the problems wrought by the complexity of our society, might somehow be
alleviated.
3.
II. PROGRAM
A general program reflecting the overall nature and basic requirements
for a research and development building, facilitating academic and non-academic
use, is set forth in the "Aim of Thesis" given in the preceeding general discussion.
Since flexibility and possible change govern practically all of the design
criteria, no specific requirements concerning functional and spatial needs are
given. The many activities possible in a building of this type include: offices,
lounges, classrooms, libraries, lecture halls, auditoria, exhibition areas,
museums, meeting rooms, workshops, drafting rooms, seminar rooms, labora-
tories, and storage spaces, to name only a few of the more important ones.
The following are specific qualifications set forth at the beginning of the
study. The gross floor area for the entire structure was set to be between one
million and one-and-one-jhalf million square feet. A minimum gross floor area
per floor of 40,000 square feet determines the maximum number of floors. A
ten foot clear floor to ceiling height was considered adequate for all single-story
functions.
4.
Ill. BUILDING CONCEPT
A research and development building built within today's advanced
technology heralds a new scale in architecture. Structural innovations and
advancements provide greater spans than were previously possible under similar
conditions. Flexibility and growth requirements demand large uninterrupted
areas. As a result, a new scale in architecture for this type of building is
generated.
The large building created by this new scale in architecture creates
many new problems for the architect. The building is comparable to a city
with its many functions, its complex circulation patterns, and its need for a
hierarchy of all elements. Activities must be related to more important areas,
and a climax for all systems must be reached. Orientation problems in a large
building such as this can be partially solved with large voids and open areas.
These voids establish a hierarchy of life within the building and also permit light
to become a part of the interior spaces. It is for a building with such a physical
character that the various systems used throughout the building were designed.
5.
IV. STRUCTURE
In the general discussion on systems which preceeded this thesis, it was
noted that systems dealing with structures were very important. During the study
and design of the Research and Development Building, the above fact concerning
the importance of the structural system became evident. It was found that all
of the other systems in the building will depend upon the type and development
of the structural system.
With such importance placed upon the structural system, much time was
spent in searching for a structural unit or system which would lend itself most
clearly to the integration with the mechanical, acoustical, circulation, and
planning systems within the building. A basic unit capable of imposing no
limitations to the building was sought. Expansion within and without the building
was considered to be of prime importance as a requirement for the basic unit to
possibly satisfy. The size and number of the units which made up the overall
structural system would govern and set the limitations for the building as a whole.
A one way linear system was finally chosen after much study of various possible
systems.
A one way system was chosen because of the following advantages.
Erection of the basic unit could be done with ease and great speed. Piping and
ductwork could easily be placed between the one way elements. The possibIlity
of removing units to form two-story spaces without interrupting the total system is
great. And, simple precasting and prestressing techniques can easily be
MON"
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accomplished. For the basic unit, industry's common "T" section was chosen
after a close study of the unit's requirements for utility accessibility, modular
sub-divisions, and ease in formworking.
The great number of identical "T" sections naturally led to the precasting
and prestressing of this basic unit. In order to minimize the problems of con-
nections and joints always present in precast work, the girders, columns, and
all other structural elements will be cast in place. This will also facilitate
greater ease in achieving continuity for columns and girders.
The module maintained throughout the building is 4'-8" by 4'-8". This
dimension was determined rather arbitrarily, except that it was considered to be
the closest spacing of joists while still allowing a standard 4'-0" illumination
panel to fit between the joist ribs. The structural bay is 56'-0" (12 modules),
by 28'-0" (6 modules).
The structural framing system is simple. The joists are 4'-3" deep and
placed on the 4'-8" module. They are supported by 2'-9" deep girders which
have a clear span of 23'-10". The difference in depth between girder and joist
results when the girder is continually punched to allow passage of mechanical
equipment to and from the corridors. The four main corridors running in the long
dimension of the building are a result of double girders. Short stub "T" sections,
l'-6" deep, which line up with the main "T" sections, span the corridor. A
3 inch concrete topping is finally placed over the "T" sections making the total
structural depth 4'-6".
7.
V. CORES AND CIRCULATION
The number and arrangement of permanent service cores within the building
determine to a great extent the overall circulation system. Originally a system
with many cores was studied. The intention was to use the core as a structural
column, therefore having no interior columns. Exterior elements as well were
to be used to serve the permanent systems of the building. A principle reason
for abandoning the system was the lack of large unobstructed floor areas, espe-
cially around the building perimeter. Also the exterior service elements took
much of the prime window area as well as being an aesthetic troublespot.
In the final solution a system of eight service cores was developed. Of
the eight there are two different core types. Each has the same facilities for
mechanical and utility requirements as well as required fire stairs. The variation
in the two core types lies in different toiletroom facilities and different types of
elevators.
The main system of circulation is developed around the eight service cores.
Traffic is considered to be the heaviest in the longer dimension of the building,
especially around the central voids and activity areas. The widths of the corridors
are sized in accordance to this hierarchy. Also all traffic in and out of the cores
is from the core sides which allows uninterrupted flow along the major corridors.
Secondary and minor circulation patterns will be a result of the spatial arrange-
ment of rooms and partitions.
8.
VI. MECHANICAL SYSTEMS
The mechanical systems are integrated with the structural, circulation,
and core systems in the building. All of the mechanical facilities originate in
a mechanical floor, travel vertically through the eight service cores, proceed
horizontally along the corridors between the double spaced girders, and finally
branch into the joist feeder lines. In order to use as little depth as possible
for the ducts in the corridors, the supply and return ducts originate from opposite
directions so as one diminishes while the other increases. The sizing of ducts is
based upon a rough figure of two square feet of duct area for each supply and
return duct for every 1000 square feet of gross floor area served. A low velocity
system is used. The necessary depth for ductwork in the corridors is a result of
these figures, and thus the structural depth for the entire building is established.
For the building's exterior zone a fan coil unit is used for conditioning the air.
The facilities for this auxiliary system rise in the large exterior columns.
The requirement of complete planning flexibility-change-and-growth,
necessitates a very flexible utility system. For ultimate flexibility there are
numerous service lines which must always be available. They include: hot and
cold water, tap water, steam, vacuum, compressed air, natural gas, and various
drains. A main supply line for each of the above is found in all of the four major
corridors. From these main service arteries, secondary feeder lines branch per-
pendicularly into the "T" sections in every other module alternating with the air
9.
conditioning ducts. There are two points along the joists where openings allow
still another perpendicular branch of piping. An exhaust and venting system is
also established within the major corridor service "streets. "
The signal and electrical systems follow the same paths as do the piping
and duct networks. The wire and conduit systems travel from the cores in large
bus conduits before being distributed into the joist runways. The illumination
pattern in the building is a linear system placed perpendicular to the joists. This
establishes a modular regulation in the opposite direction from the one way joists.
This also allows much freedom for accessibility to piping and ducts.
The acoustical control from room to room proved to be a major problem for
this building. Along the joists, partitions will come to the underside of the "T"
sections. From joist to joist, it is hoped that the filler panel will work beneath
the ducts, while mesh and plaster was the only solution found for sealing around
the pipes.
The primary goal of this building is to provide utmost flexibility for any
possible condition. The mechanical and service systems outlined above will
provide all facilities to any space with 9'-4" as its smallest dimension.
10.
VII. CONCLUSIONS
The size and scope of this thesis proved to be overwhelming. All of the study
was done with the assumption that an ideal solution was possible. No such solution
was found. The unwritten goal of trying to produce something beneficial for
the construction and building industries proved to be frustrating when already
accepted procedures were found to be better than the newly proposed ideas.
The design of a building of this nature resulted in many compromises. When
the mechanical system is to be integrated into the structural system, the structure,
somewhere, must be punctured. A compromise in structural clarity between
girder and joist depths and spans results. Also, the greater than necessary overall
structural depth is a compromise generated by the type of mechanical air distri-
bution used. The development was further hindered by the lack of personal
experience in the technical fields being studied.
The solution presented in written and graphic form may be considered to
be less than an ideal solution for the problem. But the process of study and the
overall knowledge obtained through the development and work on the project
resulted in success.
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ABSTRACT
This thesis is presented as an Academic/Research and Development
Building for Science and Technology in which the primary consideration was
the design of an integrated mechanical-structural system of construction that
could produce a building providing maximum flexibility in terms of space,
circulation, services and capability of future change. A system that would
then manifest itself as something more--a meaningful architectural expression.
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1. DESIGN CONCEPT
A. PROGRAM: With the primary objective the development of an integrated
mechanical -structural system of construction providing maximum flexibility and
capability of future change, the following programmatic requirements were
established:
1. A total gross floor area of 1,000,000 to 1,500,000 square feet.
2. A miminum area/floor of 40,000 square feet.
3. Floor to floor heights can vary but the ceiling height should be
constant on each level.
4. Live load of 125 psf throughout.
5. Toilets, exit and elevator capacities calculated on 150 square
feet of gross area/person.
6. Maximum distance to fire exits - 150 feet.
7. Planning module based on illumination requirements and minimum
widths of rooms and corridors.
8. Local structural demountability for vertical expansion.
9. Accessibility of all utilities mandatory.
10. Noise control from room to room necessary.
11. Sun control as part of the unified solution.
In addition to these requirements the building would have to provide space
suitable for all the following activities:
1. Laboratories
a. Instructional
b. Research
c. Testing
2.
2. Workshops
3. Classrooms
4. Seminar Rooms
5. Small Auditoriums
6. Studios
7. Drafting Rooms
8. Departmental Libraries
9. Administrative/Staff Areas
10. Faculty/Assistants Offices
11. Lounges
12. Storage
13. Maintenance
14. Mechanical Equipment
B. BUILDING EXPRESSION
The resultant design is a building of five floors arranged in a "pin-wheel"
plan of four 200' x 400' linear quadrants forming a hollow square approximately
600 feet on each side. Each of the quadrants is composed of eighteen 66'-6"
square bays, has a floor area of about 75,000 square feet, and is served by two
cores,i one in the center and one on the periphery. A typical floor has an average
area of some 300,000 square feet. The upper three (typical) floors have a 14'-9"
floor to floor height and are served mechanically from a penthouse above. The
ground floor, serving as the main entrance level, has a greater height of 22'-4".
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The basement floor, opening onto a 200 foot square central courtyard, has the
same height as the typical floors--14'-9". A mechanical sub-basement serves
the lower two floors.
There are two core types--a major central core serving 12 bays and a minor
peripheral core serving 6 bays. The four central cores fit within a typical
structural bay and are not required to be load-bearing construction. They con-
tain the major circulation stairs, elevators, toilets, janitors' closets and mechanical
chase space. The four peripheral cores are contained within a 22 foot cantilever
of a typical bay. They contain the secondary fire stairs, service elevators and
additional mechanical chases.
C. INTENT
The design represents an attempt to establish a space-determining system
of construction that can create architecture, but not necessarily in the classical
form of a building as a complete (and therefore, completed) object. The aim is a
humanistic expression rather than the monumental, where human activity is the
measure of scale. A building of this size, a million and a half square feet, becomes
a small city inhabited by 10,000 people--a minor urban complex within itself
which should provide all the desirable qualities of changing scale, centers of life
and areas of privacy, and a sequence of activities and climaxes that enhance rather
than negate experience. It will also act as the major focal point of an academic
complex which will, in turn, interact directly with the greater urban environment
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and will be required to respond accordingly to changing demands and conditions
for many decades. Realizing this, it seems important to at least make an attempt
to create a more meaningful, dynamic thing, not so irrevocably complete within
itself, that can accept modification and growth as a natural condition and as
a continuing design expression--this will be a more complete and total concept
of flexibility.
5.
II. STRUCTURE
A. Structural Systems
The building is formed by a combination of basic structural components
based on a long-span, structural bay designed to give the maximum amount
of unobstructed floor area that can be practically furnished with mechanical
services. The typical bay is a square, two-way, pan-construction slab with
continuous girders at the perimeter spanning 60'-2" between columns. Each
structural bay is separated from the next one by one 6'-4" module--with
the resultant unobstructed area used for distribution of the mechanical ser-
vices. The overall bay is then 66'-6" from center to center. The basic
planning module, a 9'-6" square, is divided into a 6'-4" and a 3'-2" struc-
tural sub-module with a structural depth of 4'-6 1/2" and a 2 1/2" finishing
slab, giving an overall depth of construction of 4'-9". This with a typical
floor to bottom of construction height of 10'-0" gives a typical floor to floor
height of 14'-9".
The depth of construction is based on the span and the maximum size of
perforations through the structural members required for passage of the mechani-
cal services. Live load is calculated at 125 pounds throughout the building.
Light weight, 4000 psc concrete has been calculated for all typical construc-
tion in order to reduce the dead load. The relatively deep construction of
4'-9" allows the use of conventional reinforcing throughout. Girders are
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typically continuous between bays, however, continuity is not absolutely
necessary at the periphery except when a floor is cantilevered beyond the
last line of columns. The fact that continuity is not always necessary allows
considerable variation in the spatial qualities of the building as bays can be
left out or cantilevered where desired. It is also possible to leave out, or
make demountable, the center modules within any given bay to allow local
vertical expansion.
The structural separation of the bays results in a group of four columns
at intersections. The columns are structurally independent but are connected
with diaphrams to obtain greater rigidity. The resultant space--a typical
6'-4" module--is used for a mechanical service chase.
B. Construction Methods
The building is designed to be built totally in cast-in-place concrete
using conventional reinforcing. Forming of the structural slab will be with
custom-designed metal or reinforced fiberglas pans. Exterior surfaces will be
formed with a narrow board form using the slight texture as a final finish.
Non-structural exterior walls will be either pre-cast concrete panels or glazing
in metal framing--both designed for possible removal when major modifications
are necessary in the future. Ground plane surfaces--terraces, lobby areas,
and exterior courts will utilize post-tensioning in the structural slab over
occupied spaces for water-proofing with a textured, pre-cast paving unit
applied for a paving surface pattern.
7.
Ill. MECHANICAL SYSTEMS
The primary aim in the design was to develop an integrated framework of
structure and chases that would permit the use of several different types of
mechanical systems depending upon the demands of the particular space. The
design premise was based on a minimum planning module of 9'-6" square, the
smallest room that could require the maximum mechanical services of air (supply,
return and/or exhaust), lighting, plumbing, power, communications (telephone,
signal or closed circuit t.v.) and acoustical control. The source of all these
services, except the last, would be one of the mechanical rooms--either the
penthouse serving the upper three floors or the mechanical sub-basement serving
the ground and basement floors. The typical services and distribution would be
planned as follows; however, the total system does offer the space and flexibility
to introduce other, more specialized, services when the situation demands.
A. Air
Air supply would use a single duct, high-velocity system distributed
vertically through the cores from the air-handling machines in the mechanical
rooms. Capacity is calculated on 1.2 square feet of duct area for each 1000
square feet of floor area in the building. Horizontal distribution from the
cores would be at the center of the structural bay using velocity-reducing
chambers containing tempering coils to provide zonal temperature control.
Final distribution would be by prefabricated round ducts, 12" in diameter,
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in every other module (9 '-6" o.c.). At the exterior zone, fan-coil units
would be used to recirculate and condition the supply air at the periphery
of the building.
Return air would be similarly ducted, or in large spaces, picked up
directly by the main horizontal lines running in the space between the double
girders. The chase formed by the four columns will be used for the vertical
return to the mechanical rooms with the space required calculated at 2 square
feet of duct for each 1000 square feet of floor area.
Exhaust air ducts are distributed horizontally at the periphery and at the
center line of the building related to the cores for vertical transfer out of the
building. It is assumed that the upper floor of the building will be utilized
primarily for laboratories where fume hoods can be exhausted directly through
the roof.
B. Lighting
Typical lighting would utilize standard 2' x 4' flourescent lighting fixtures
hung in pairs in each of the larger, 6'-4" modules below the ducts and other
mechanical services. This would provide an illumination level of approximately
50 footcandles in an average room. Where higher levels are required, an
additional 2' x 4' unit can be added in the smaller, 3'-2" modules. The
system permits the use of almost any type of lighting--incandescent, luminous
louvered ceilings, indirect lighting above the ducts, etc. when desired.
9.
C, Plumbing
Supply, drain and vent piping is distributed vertically from both the cores
and the column chases using the space between the girders as the primary
horizontal lines. Final distribution to the individual modules used the struc-
tural perforations in the larger module along with the return air ducts.
D. Power
Normal 110 AC power will be distributed from the mechanical floors
vertically in the column chases with a breaker panel at each floor serving
one typical bay. Horizontal distribution will be by conduit in the floor-
topping slab in every other module and by conduit in the ceiling space for
the lighting. Special power requirements would be brought from vertical
bus-ducts located in each core in the normal piping distribution channels.
E . Communications
Telephone distribution will be similar to the electrical, using a panel
board in the column chase for each bay with distribution in floor conduit.
Telephone equipment rooms would be located in the mechanical floors. Spe-
cial signal and television wiring would be distributed from the cores in conduit
as piping.
F. Acoustical Control
Reverberation control within a space will be accomplished by perforating
the metal casing of the prefabricated air ducts utilizing the inherent absorption
value of the insulation. The configuration of the exposed structural system will
provide excellent sound diffusion. For special requirements, additional absorp-
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tion material can be applied to the upper part of the structural "ceiling."
Sound isolation between spaces is the most difficult problem in the use of this
type of exposed structural-mechanical system because of the numerous openings
required for the passage of the mechanical services. An attempt to minimize
the problem has been made in the following manner: first, by perforating the
structural system in only one direction except at the center modules of each
bay for the passage of supply and exhaust air ducts. Second, by using a con-
tinuous, supporting baffle around the supply ducts that seals off the openings
in every other module. This leaves then only the openings in the large module
in one direction, which can be blocked by ceiling panels above the lighting in
small rooms or by special baffles at the periphery of the larger spaces.
G. Partitioning of Spaces
Partitioning can be accomplished by almost any method desired. With the
ideal of total flexibility in mind, the normal systems, depending upon the type
of space, would be exposed concrete block walls, dry-wall partitions of
gypsum board on metal studs, or single panels (glass or hardboard) in metal
frames. All of these are relatively easy to install and remove and are much
less expensive and more durable than the commercial, movable partition
systems. Where sound isolation is desired, the use of fiberglas blankets and
resilient mounting clips can bring the drywall partitions up to acceptable
levels of good privacy. Higher requirements will necessitate the use of heavier,
less flexible walls as a solution. In all instances, the exposed webs of the
110
structural system provide the anchorage point for the top of the partition
and impose a predetermined modular order on all space planning.
12.
IV. CONCLUSIONS
A unified system can be developed that satisfies almost all of the criteria
set forth. However, there are inherent contradictions that require some compromises
to be made in achieving maximum flexibility. Ideally, the mechanical services
should be able to distribute in any direction on the shortest line from point to point,
but in order to achieve a needed sense of architectural organization and control
of planning, the use of the exposed structural system regularizes the paths of the
services and forces them to move laterally in right angle turns--to the point of
having to double back on themselves in some instances. The need for maximum
unrestricted areas for the distribution of services is also in conflict with the struc-
tural requirement for solidity at many points and causes the secondary problem of
being able to effect proper sound isolation. It would then seem that there is no
perfect solution to the total problem in a building of this complexity.
The attempt to have a generally distributed system by integrating the services
with the structural supports also bas a built-in contradiction as it demands that both
the structure (mass) and the service space (void) maximize at the same point. To
meet both requirements these points quickly outgrow the sense of being a column
and become instead distributed mechanical chases and as such are impeding elements,
contrary to the desire for unobstructed floor space. The other alternative, of supply-
ing all the services from the cores, generally requires some very large horizontal
chases that cannot be handled in the normal structural module and are then run above
predetermined corridor spaces. In this solution the attempt was made to use both
13.
the normal area created by the column groups and the larger spaces available in
the cores, thus allowing the structural module to remain constant throughout the
building. Circulation space is not fixed to any given position, although the
major corridors will certainly fall into certain logical patterns related to the
cores.
Finally, the attempt to approach the design of a very large building as a
complex of many elements that can express their special functions when necessary
seems to be a legitimate one, particularly if it can be accomplished without dis-
torting the framework of an integrated system. In this solution, where no defini-
tive program of space planning has been set forth, the variations in plan, eleva-
tion, and section are arbitrary--used only as an attempt to indicate potentialities
of the system.
The advantages of the "pin-wheel" plan as a complete system offering, at
the same time, the possibility of expansion or extension of certain areas was not
developed to any significant degree--nor was the integration of ground plane
elements such as larger auditoriums, theaters, libraries, etc. into the building frame-
work to serve as linking elements to the total academic complex. It would seem
that both of these approaches are worthy of further investigation in the attempt to
find a more complete flexibility and integration on the larger scale of total
planning.
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